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ABSTRACT 

A novel gene was previously isolated from a cDNA library of human embryo lung tissue by its en¬ 
coded protein, which interacts with non-structural protein 10 (nsp-10) of the severe acute respira¬ 
tory syndrome coronavirus (SARS-CoV). The protein was named human embryo lung cellular pro¬ 
tein interacting with SARS-CoV nsp-10 (HEPIS), and it is composed of 147 amino acids with several 
CKII phosphorylation sites. In the present study, we demonstrated that HEPIS was capable of sup¬ 
pressing chloramphenicol acetyltransferase (CAT) gene expression controlled by different enhancer 
elements in a transcription assay. HEPIS interacted specifically with the HSP70 TATA sequence, 
and not with various other enhancer elements in a binding test. Furthermore, we co-immimopre- 
cipitated HEPIS with BTF3, a component of the RNA pol II initiation complex, and observed re¬ 
duced proliferation of HeLa cells transfected with the HEPIS gene. Taken together, our results sug¬ 
gest that HEPIS may function as a potential transcriptional repressor. 


INTRODUCTION 

R esearch on the regulation of eukaryotic gene 
expression during the previous decade focused on 
the identification and characterization of the various fac¬ 
tors that are involved in the transcriptional process (5,16). 
Despite the lack of fine details, a model was established 
to demonstrate the process of transcription in eukaryotic 
cells (1). In this model, at least two kinds of factors are 
involved in transcriptional initiation and regulation 
(15,22). In the initiation of transcription by RNA poly¬ 
merase II (RNA pol II), the multi-protein complex, which 
includes some basic transcriptional factors such as BTF1, 
BTF2, and BTF3 among other proteins (10), functions 
through binding to the TATA box cap-site element. While 
transcription is initiated by these protein factors and RNA 
pol II, it is controlled by other regulatory factors, in¬ 
cluding Spl, NF-kB, and YY1. These regulatory factors 
bind to specific proximal sequence elements located up¬ 


stream of the TATA box to enhance transcriptional activ¬ 
ity (18). Such a model also suggests that various tran¬ 
scriptional repressors function by binding to different ini¬ 
tiators, regulatory factors, or specific DNA sequences, to 
slow the rate of transcription (21). Identification of vari¬ 
ous repressors, such as p53, support this model and indi¬ 
cate that the repressor, as a transcriptional regulator, is very 
important for eukaryotic cell proliferation and metabolism 
(14). During viral replication in host cells, some proteins 
encoded by viral genes also function in viral gene tran¬ 
scription through interaction with different cellular tran¬ 
scriptional factors (17). Such interactions between viral 
proteins and cellular transcriptional factors determine, in 
some cases, the progress of viral replication and host cell 
survival (20). Studies on the interaction of vims with host 
cells led to the identification of some proteins involved in 
both viral and cellular transcriptional regulation (7). 

The non-structural protein 10 (nsp-10) of the severe 
acute respiratory syndrome coronavirus (SARS-CoV) is 
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produced by 3CL pro cleaving ppla-pplab during infec¬ 
tion, and is thought to function as a viral transcriptase 
(19). In our previous work, we isolated a gene from a 
cDNA library of human embryo lung tissue, which en¬ 
coded a novel protein that specifically interacted with 
nsp-10 of SARS-CoV in a yeast trap experiment. This 
interaction was confirmed in a series of experiments (13). 
This newly identified protein, which is composed of 147 
amino acids with several CK II phosphorylation sites, 
was named human embryo lung cellular protein interact¬ 
ing with SARS-CoV nsp-10 (HEPIS) (Fig. 1). Since nsp- 
10 of SARS-CoV is involved in viral genomic replica¬ 
tion and was observed to interact with ATF5, the cellular 
initiation factor of the RNA pol II complex (13), we in¬ 
ferred that HEPIS may also be involved in cellular gene 
transcription. Therefore, the significance of HEPIS ex¬ 
pression in cells needed to be further investigated. The 
work we describe here suggests that HEPIS represses cel¬ 
lular transcription initiation through interaction with a 
component of the RNA pol II complex, and may be a po¬ 
tential member of the anti-oncoprotein family. 

MATERIALS AND METHODS 

Cells 

Human embryo fibroblasts (KMB-17 strain, main¬ 
tained in our lab) (12) and HeLa cells (also maintained 


in our lab) were grown in DMEM-5% (v/v) fetal bovine 
serum (FBS) to form monolayers in culture flasks. CHK 
cells (also maintained in our lab) were grown in Ham’s 
F12 medium with 5% FCS at 37°C and 5% C0 2 to 80% 
confluency in 50-mm plates. 

Plasmid construction 

The HEPIS eukaryotic expression vector, pcDNA- 
hepis, was constructed using pcDNA3 (Invitrogen, Carls¬ 
bad, CA) and the hepis gene-encoding sequence. pGBK- 
hepis, the screen vector for yeast trap analysis, was 
constructed using pGBK-T7 (Invitrogen) and the hepis 
gene encoding sequence. Three mutants of the hepis gene 
were produced as described in Fig. 2 and were cloned 
into pGBK-T7 to construct pGBK-hepisl, pGBK-hepis2, 
and pGBK-hepis3. pcDNA-BTF3 was constructed using 
pcDNA3 and the BTF3 encoding sequence obtained by 
reverse transcription from mRNA extracted from KMB- 
17 cells. The reporter plasmid pCAT-SV, containing the 
TATA-box from the SV40 promoter sequence, was con¬ 
structed using pCAT-basic. pCAT-SV-CA, pCAT-SV- 
SP1, pCAT-SV-APl, pCAT-SV-OCTA, pCAT-SV- 
ATF, pCAT-SV-Ad, and pCAT-SV-HSV-a were 
constructed using pCAT-SV and different regulatory el¬ 
ement sequences, namely CAT: GATTGGCT; SP1: 
GGGGCGGGGC; API: TGAGTCAG; OCTA: ATTTG- 
CAT; ATF: TGACGTCA; AdV promoter, and HSV-1 a- 
gene promoter, respectively. 
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FIG. 1 . Nucleotide sequence and deduced amino acid sequence of HEPIS. The HEPIS protein is composed of 147 amino 
acids with five CK II phosphorylation sites at residues 6, 31, 102, 119, and 138 (underlined). The pattern of CK II phosphory¬ 
lation motif is [ST]-X(2)-[DE], as predicted by Omiga 2.0 software. The GenBank accession number of HEPIS is DQ121386. 
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FIG. 2. (A) Mapping the region of HEPIS interacting with BTF3. Three plasmids encoding amino acid residues 1-55, 56-100, 

and 101-147 of HEPIS were constructed as pGBK-hepisl, pGBK-hepis2, and pGBK-hepis3, respectively, and transfected into 
yeast AH109. These transfected clones were fused with Y187 transfected with pACT-btf3, and then the /3-galactosidase assay 
was used to evaluate the interaction between different HEPIS domains and BTF3. (B) Co-immunoprecipitation of the HEPIS and 
BTF3 interaction complex. Co-immunoprecipitation with anti-HEPIS and anti-BTF3 antibodies was performed separately. The 
35 S-methionine-labeled interaction complex from CHO cells co-transfected with pcDNA-HEPIS and pcDNA-BTF3 as described 
in the text was incubated with anti-HEPIS or anti-BTF3 antibodies. Cells transfected with the empty vector pcDNA3 were used 
as controls. The conjugated complex was then absorbed to A protein-Sepharose 4B beads. After washing with RIPA buffer, the 
samples were eluted in sample buffer and run on an SDS-PAGE gel and auto-exposed to x-ray film. Lane 1: the specific inter¬ 
action between complexes immunoprecipitated by anti-HEPIS antibody; lane 2: the specific interaction between complexes im- 
munoprecipitated by anti-BTF3 antibody; lane 3: pcDNA3 control transfection immunoprecipitated by anti-HEPIS antibody; lane 
4: pcDNA3 control transfection immunoprecipitated by anti-BTF3 antibody; lane 5: control cells; lane 6: negative control with 
normal mouse IgG. 



Yeast two-hybrid screen 

The pGBK-hepis plasmid was used to screen a cDNA 
library of human embryo lung. The procedure was con¬ 
ducted according to the manufacturer’s protocol. After 
screening twice using the QDO plate and the /3-galac- 
tosidase assay, cDNA gene fragments from the library 
that encoded proteins capable of interacting with the 
HEPIS protein were isolated and identified by sequenc¬ 
ing. The /3-galactosidase assay to evaluate the interaction 
between different HEPIS mutants and BTF3 was per¬ 
formed according to the manufacturer’s protocol. 

Transfection of cells 

Recombinant plasmids, including pcDNA-hepis, were 
linearized by digestion with suitable restriction enzymes. 


CHO cells and HeLa cells were transfected by elec¬ 
troporation as described elsewhere (12). The control trans¬ 
fections were performed with linearized pcDNA3 plasmid. 
The transfected cells were maintained in DMEM-5% fe¬ 
tal bovine serum for 24-48 h prior to analysis. 

Co-immunoprecipitation 

Cells transfected by pcDNA-hepis and pcDNA-BTF3 
or by pcDNA3 were grown in methionine-free MEM or 
phosphate-free MEM for 1 h. Then, the same media sup¬ 
plemented with 35 S-methionine (100 moi/mL) or 32 P- 
phosphate (100 moi/mL) was added to the cells, which 
were then incubated at 37°C for 1.5-2 h. The harvested 
cells were lysed in buffer containing detergent and cen¬ 
trifuged at 12,000 rpm for 5 min, followed by discarding 
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of the nuclei. The supernatant was incubated with anti- 
HEPIS or anti-BTF3 antibodies and the immune complex 
was precipitated by protein A-Sepharose followed by 
washing (4). Finally, the labeled protein was separated 
from the complex by boiling in the presence of detergent, 
and was submitted to 12% SDS-PAGE and auto-exposed 
to x-ray film. 

Northern blot 

A pre-made Northern blot of normal human tissue con¬ 
taining 10 /Jig of total RNA per lane from eight different 
human normal tissues including lung, heart, muscle, kid¬ 
ney, colon, bone, ovary, and liver, was hybridized with 
a hepis sequence probe containing 60 nt between posi¬ 
tions 241 —» 300 in its cDNA according to standard pro¬ 
tocol (13). In addition, a pre-made Northern blot of hu¬ 
man tumor tissue containing 10 /xg of total RNA per lane 
from eight different human tumor tissues, including 
breast tumor, ovary tumor, uterus tumor, lung tumor, kid¬ 
ney tumor, stomach tumor, colon tumor, and rectum tu¬ 
mor, was treated as described above. 

Binding test 

The different regulatory element sequences of CAAT, 
Spl, Apl, OCTA, ATF (see above), and TATA box (9), 
were labeled with r- 32 p-ATP and T4 kinase according to 
the standard protocol (4). Each labeled sequence (1-2 /xci) 
was added to 1-2 /xg of purified HEPIS protein, which 
was expressed in bacteria in 20 /xL of binding buffer (8). 
After incubation of this HEPIS protein mixture and labeled 
sequence at 37°C for 1 h, the whole reaction volume was 
loaded onto a 5% non-denaturing PAGE gel and elec- 
trophoresed at 60 V. The result was analyzed with auto- 
exposed x-ray film after drying the gel. 

Transcriptional activity assay 

The transfected CHO cells were maintained in Ham’s 
FI2 media with 5% fetal calf serum for 36 h, collected 
with a rubber policeman, and washed three times with 
PBS. The washed cells from each well were lysed with 
200 /xL 1 X reporter lysis buffer for the CAT enzyme as¬ 
say system (Promega Corp. Madison, WI) and incubated 
at 60°C for 10 min. The supernatant was collected by 
centrifugation at 11,000 X g at 4°C for 5 min. The CAT 
assay system was composed of extract from transfected 
cells (10-100 /xL), [3,5- 3 H] chloramphenicol (0.25 /xCi; 
New England Lab, Woburn, MA), n-butyryl-CoA (5 /xL, 
5 mg/mL), and Tris-HCl (pH 8.5, 0.25 M), for a total re¬ 
action volume of 125 /xL. This reaction system was in¬ 
cubated at 37°C for 1-5 h, shaken strongly for 30 sec in 
a Vortex with 300 /xL of mixed xylenes, and spun at 
11,000 X g to separate the two phases. The upper-phase 
xylenes were collected and added to 100 /xL of 0.25 M 


Tris-HCl for one additional extraction. After a second 
collection, the upper xylenes phase was put into a scin¬ 
tillation counter with 800 /xL of scintillation fluid, and 
the standard curve of CAT activity was established us¬ 
ing serial CAT enzyme (Promega) dilutions from 0.1 to 
0.003125 units. One unit (U) was defined as the amount 
of enzyme required to transfer 1 nmol of acetate to chlo¬ 
ramphenicol in 1 min at 37°C. 

Stable expression of HEPIS in HeLa cells 

HeLa cells transfected with pcDNA-hepis were grown 
in DMEM-5% FBS containing 350 /xg/mL of G418 to 
form resistant clones. The cloned cells were grown and 
passaged in the presence of G418 and were detected with 
Western blotting using antibody against the HEPIS pro¬ 
tein. Once stable expression of HEPIS was observed in 
the cloned cells, they could be used in the following ex¬ 
periments. 

Cellular proliferation assay 

Transfected and control HeLa cells grown in DMEM 
media containing 350 /xg/mL of G418 were monitored 
for proliferation potential at 12, 24, 36, 48, 60, and 72 h, 
using the 3-[4,5-dimethythialzol-2-yil-2,5-diphenyl tetra- 
zolium bromide (MTT) assay as described elsewhere. 
These tests were performed in triplicate for statistical 
analysis. 

Soft agar assay 

Cells grown in DMEM growth medium were diluted 
to 10 3 cells/mL and mixed with 1.2% agar (Voigt Global 
Distribution, Lawrence, KS) in an equal volume for 
growth in six-well plates. Clones grown in soft agar were 
examined 2 weeks later. The data were expressed as the 
percentage of colonies containing >200 cells. 

Statistical analysis 

All data were statistically analyzed according to stan¬ 
dard protocol. Results were expressed as means ± stan¬ 
dard deviation (SD). Statistical significance was deter¬ 
mined using two-way analysis of variance (ANOVA) and 
the Student’s t-test by SPSS 11.0 software (SPSS, Inc., 
Chicago, IL), and p values <0.05 were considered sta¬ 
tistically significant. 

RESULTS 

Identification of the HEPIS transcript 
in human cells 

Since our previous work suggested that HEPIS was a 
novel cellular protein by virtue of its interaction with nsp- 
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FIG. 3. HEPIS gene expression in different normal human tissues. A pre-made membrane (Multiple Tissue Northern Blot; 
BD Biosciences, Palo Alto, CA) containing 10 yug of total RNA from normal human tissues per lane was used in a Northern blot 
to detect the HEPIS transcript with a specific probe (a fragment of 60 nt between positions 241 —» 300 in its cDNA). (3 -Actin 
mRNA was detected as a normalizing control with a 491-nt probe. Lanes 1-8: heart, lung, liver, kidney, ovary, colon, muscle, 
and bone. 



10 of SARS-CoV in a yeast trap assay (13), we performed 
further studies to confirm the transcription of the HEPIS 
gene in normal tissues. A Northern blot of normal hu¬ 
man tissue RNA was probed with an oligonucleotide 
from the HEPIS gene. The results showed that the HEPIS 
transcript was produced mainly in the lung, liver, ovary, 
and kidney, and at a lower level in muscle and bone (Fig. 
3). This result supports the prediction that HEPIS is a 
cellular protein in normal tissues. Structural analysis also 
indicated that the HEPIS gene located on chromosome 

11 is composed of four exons (data not shown). 

Identification of a protein that interacts with 
HEPIS in vivo 

Given that HEPIS interacted with nsp-10, a putative 
viral transcriptase, we hypothesized that HEPIS may 
function through interaction with proteins involved in 
cellular transcription. To identify these potential inter¬ 
acting proteins in cells, HEPIS was used as a bait pro¬ 
tein to screen a cDNA library of human embryo lung tis¬ 
sue using a yeast trap assay. After a standard screening 
procedure, several proteins were identified that included 
a component of the RNA pol II initiation complex, BTF3, 
and other proteins of unknown function (Table 1). We 
confirmed that HEPIS interacted functionally with BTF3 
in a /3-galactosidase activity assay. However, no specific 
domain responsible for this interaction was found (Fig. 
2A). Our efforts to immunoprecipitate endogenous 
HEPIS from normal human embryo fibroblast cells 
failed, perhaps due to low expression. Therefore, we in¬ 
vestigated the in vivo interaction of HEPIS and BTF3 by 
co-transfection of CHO cells with pcDNA-hepis and 
pcDNA-BTF3, followed by co-immunoprecipitation of 
these proteins using antibodies raised in mice immunized 
with recombinant HEPIS or BTF3. Both 35 S-methionine- 
labeled HEPIS and BTF3 were precipitated together by 
antibodies against HEPIS or BTF3 (Fig. 2B). Given that 
BTF3 is one component of the RNA pol II initiation com¬ 
plex, it was expected that other weaker protein bands 


were observed in this co-immunoprecipitate. Certainly, 
such an experiment depends on the transfection system 
and may not reflect completely the behavior of the en¬ 
dogenous proteins in the cell. However, our results con¬ 
firmed that HEPIS and BTF3 were able to interact when 
expressed in vivo. 

HEPIS binds to the TATA sequence 

In the general model of transcriptional regulation in eu- 
karyocytes, transcriptional repressors are thought to func¬ 
tion through interaction with the RNA pol II complex 
and/or specific element(s) of the promoter region (6). How¬ 
ever, some previous reports also suggested that a tran¬ 
scriptional repressor is able to inhibit transcription of a spe¬ 
cific gene through binding to a certain upstream proximal 
sequence element of the promoter (3,6). Since HEPIS is ca¬ 
pable of interacting with BTF3 physically, it was impor¬ 
tant to investigate the possible interaction of this protein 
with elements in the promoter region. Six sequences of spe¬ 
cific DNA elements that are general enhancers or initiators 
distributed in eukaryotic promoters, including CAAT, Spl, 
Apl, OCTA, TATA, and ATF, were selected for a bind¬ 
ing test. Interestingly, HEPIS protein showed weak but spe¬ 
cific binding to the TATA sequence, and no interaction with 
other enhancer elements (Fig. 4). This result combined with 
the finding that HEPIS co-immunoprecipitated with BTF3 
suggests that HEPIS may be involved in the transcriptional 
regulation of the RNA pol II complex. 


Table 1. The Isolated Genes Coding Proteins 
Interacting with HEPIS from Yeast Trap 


No. 

Gene 

GenBank 
accession no. 

45 

RNA pol II initiation complex 

NM 000937 

118 

BTF3 

NM 001207 

134 

Unknown protein 1 

AC113385 

199 

Unknown protein 2 

BX247988 
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FIG. 4. Assay of HEPIS binding to different promoter/en¬ 
hancer sequences. Purified HEPIS was examined for the abil¬ 
ity to bind to DNA of different regulatory elements by EMSA. 
The oligonucleotides were labeled with 32 P at their 5' ends and 
gel purified prior to EMSA. Binding reactions were performed 
as described in the materials and methods section. To separate 
the protein-DNA complexes, the reaction mixtures were loaded 
onto a running non-denaturating 5% polyacrylamide gel and 
electrophoresis was carried out. Gels were dried and band pat¬ 
terns were analyzed. The arrow indicates weak binding to the 
TATA sequence. Lanes 1-6 of each gel contain radiolabeled 
oligonucleotides of CAAT, Spl, Apl, OCTA, TATA, and ATF 
box, respectively. 


cells was compared with control cells using the prolifer¬ 
ation assay and soft agar assay. The results showed that 
the growth rate and colony-forming ability of the HEPIS- 
expressing HeLa cells were lower than those of control 
cells (Fig. 6B and 6C). A Northern blot of RNA from hu¬ 
man tumor tissues further indicated that HEPIS was ex¬ 
pressed at a higher level in ovary, lung, and stomach, and 
especially in uterus tumor tissues, and at a lower level in 
kidney and rectum tumor tissues (Fig. 6D). Compared 
with normal tissues, this result suggests that expression 
of HEPIS in some tumor tissues is strongly enhanced and 
is perhaps related to the development of these tumors. On 
the other hand, as a transcriptional repressor potentially 
capable of decreasing the proliferation of tumor cells, 
HEPIS could impact the growth regulation of normal 
cells if its expression is inhibited in some way. There¬ 
fore, we reduced the expression of HEPIS in human fi¬ 
broblast cells by RNAi to investigate whether the lack of 
this protein could upregulate the proliferation of cells. 
However, proliferation of the cells in which the expres¬ 
sion of HEPIS was inhibited by a specific RNA mole¬ 
cule was not significantly different from the control. This 
result suggests that HEPIS does not function as a primary 
regulator of cellular proliferation in human fibroblasts. 

DISCUSSION 

HEPIS was originally observed and studied by virtue 
of its interaction with nsp-10 of SARS-CoV, a putative 


HEPIS repressed transcription induced by 
various elements 

To investigate further the possible activity of HEPIS 
in transcriptional regulation, a chloramphenicol acetyl- 
transferase (CAT) reporter system was used for an in vitro 
transcription assay. Transcription induced by different 
upstream proximal sequence elements, including a 
unique TATA element, was inhibited to different extents 
by HEPIS (Fig. 5). Combined with the previous results 
of the binding assay and immunoprecipitation, this find¬ 
ing suggested that HEPIS impacted the rate of transcrip¬ 
tion by interacting with a component of the transcription 
initiation complex and TATA element. 

The biological role of HEPIS as a 
transcriptional repressor 

To investigate the biological role of HEPIS in vivo, we 
generated a cell line to stably express the protein. HeLa 
cells transfected with pcDNA-hepis were grown in se¬ 
lection media containing G418, and clones stably ex¬ 
pressing the protein were selected by Western blotting 
with the anti-HEPIS antibody (Fig. 6A). Growth of these 
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FIG. 5. Transcriptional repression by HEPIS of different 
cellular proximal sequence elements in CHO cells. The pCAT- 
CAAT, pCAT-Spl, pCAT-Apl, pCAT-OCTA, pCAT-ATF, 
pCAT-TATA, and pCAT-none reporter plasmids were con¬ 
structed with pCAT-Basic and gene specific sequences. The 
plasmid pcDNA-hepis was co-transfected with the above re¬ 
porter plasmids into CHO cells, while cells co-transfected with 
the empty vector pcDNA3 and untransfected cells were used as 
controls. 
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FIG. 6. HEPIS acts as a transcriptional repressor in cells. (A) Western blot assay of HeLa cells stably expressing HEPIS. 
The cellular extract of HeLa cells stably expressing HEPIS was transferred to nitrocellulose membranes and the protein was de¬ 
tected with an anti-HEPIS antibody in a Western blot. Lane 1: negative control with normal mouse IgG; lane 2: cellular extract 
of HeLa cells transfected with pcDNA3 and detected by anti-HEPIS antibody; lane 3: cellular extract of HeLa cells transfected 
with pcDNA-hepis and detected by anti-HEPIS antibody. /3-Actin was detected as a control with anti-actin antibody, and is shown 
in the upper panel. (B) Cell proliferation analysis in HeLa cells stably expressing HEPIS. Cell growth rate of HEPIS-stable cells 
was measured with the MTT assay and compared to untransfected HeLa cells as a negative control. Monitoring for proliferative 
potential at 12, 24, 36, 48, 60, and 72 h was performed in triplicate and analyzed statistically. (C) Colony-forming assay of HeLa 
cells stably expressing HEPIS. HEPIS-stable cells and relative controls were seeded in soft agar medium and representative 
colonies were observed by microscopy (100X magnification). Colonies were counted after 2 weeks and the number of colony¬ 
forming cells per culture was calculated. Means and standard errors from two independent experiments each containing three 
replicates are shown. (D) HEPIS gene expression in different tumor tissues. Pre-made membranes (Human Tumor MTN Blot; 
BD Biosciences) containing 10 /Jig of total RNA from tumor tissues per lane were detected by Northern blotting. The HEPIS 
transcript was detected using a specific probe (a fragment of 60 nt between positions 241 —» 300 in its cDNA). /3-Actin mRNA 
was detected as a normalizing control with a 491-nt probe. Lanes 1-8: breast tumor, ovary tumor, uterus tumor, lung tumor, kid¬ 
ney tumor, stomach tumor, colon tumor, and rectum tumor. 


viral transcriptase, and with proteins found by yeast trap 
analysis. In particular BTF3, a component of the tran¬ 
scription initiation complex, was identified as the target 
molecule of HEPIS by a /3-galactosidase assay and co- 
immunoprecipitation experiment in vivo, suggesting that 
HEPIS may be one of the molecules involved in the tran¬ 
scriptional regulation of specific genes required for cer¬ 
tain cellular functions. The fact that the HEPIS transcript 


was produced in certain normal tissues, but induced at a 
higher level in some tumor tissues, as shown by North¬ 
ern blot assays supports this notion. Our attempts to con¬ 
firm HEPIS protein expression in normal and tumor tis¬ 
sues by immunoprecipitation or Western blot failed, 
probably due to low protein expression levels. However, 
based on the observations in our study of HEPIS gene 
expression, it is possible that HEPIS is specifically reg- 
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ulated and may yet play a significant role in cell prolif¬ 
eration. 

Previously reported data showed that the expression 
of transcriptional regulators such is p53 and pRb are 
usually controlled by changes in the cellular physio¬ 
logical environment (2). These transcriptional regula¬ 
tors are capable of acting positively or negatively on 
the transcriptional regulation of cellular genes by in¬ 
teracting with other regulators or DNA elements (11). 
The interaction of HEPIS with BTF3 by yeast trap 
analysis and the HEPIS expression in tumor tissues fur¬ 
ther confirms that HEPIS might be involved in cellu¬ 
lar transcriptional regulation. Our transcription assay 
indicated that HEPIS possesses the ability to suppress 
the rate of CAT gene expression, which was controlled 
by different enhancers with either an HSP70 TATA ini¬ 
tiator or only a TATA element. Because HEPIS showed 
no interaction with various enhancer elements except 
the HSP70 TATA sequence in the binding assay and 
co-immunoprecipitated with BTF3, it is reasonable to 
conclude that HEPIS functions in transcriptional re¬ 
pression by interacting with both BTF3 and the TATA 
element. However, this activity of HEPIS may be reg¬ 
ulated by protein phosphorylation. An in vivo phos¬ 
phorylation test in cells transfected with the HEPIS ex¬ 
pression vector indicated that HEPIS was phos- 
phorylated, and a structural analysis suggested that it 
is a potential substrate of CK II (data not shown). How¬ 
ever, the detailed mechanism of this phosphorylation 
in HEPIS and the nature of its interaction with BTF3 
are still unclear. 

The investigation of the biological role of HEPIS in 
vivo provided strong evidence to support our hypothesis 
that HEPIS may be a new transcriptional repressor. As a 
tumor cell line, HeLa cells show a higher proliferation 
rate than normal cells in media, and a higher rate of 
colony formation in soft agar. The proliferation and 
colony-formation rates of transfected HeLa cells ex¬ 
pressing HEPIS decreased in comparison with control 
cells. These observations indicated that HEPIS expressed 
in vivo was capable of suppressing the proliferation of 
tumor cells. 


CONCLUSION 

In summary, the work described in this paper demon¬ 
strates that HEPIS is a potentially new transcriptional 
repressor. Although characterization of its biochemical 
interaction with other molecules in cells is still some¬ 
what unclear, its biological role in transcriptional 
repression implies that it may be a significant factor 
in anti-oncogenesis and other cellular biological 
processes. 
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